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THE USE OF ANABOLIC AGENTS, ANTI-CATABOLIC AGENTS, 
ANTIOXIDANT AGENTS, AND ANALGESICS FOR PROTCCTION, TREATMENT 
AND REPAIR OF CONNECTIVE TISSUES IN HUMANS AND ANIMALS. 



Field of the Invention: 

The present invention relates to compositions for the protection, treatment 
and repair of coimective tissues in humans and other animals. 

Background of the Invention: 

The tissues of mammals, including humans, are in a constant state of flux 
between the anabolic processes that build up tissues, and the catabolic processes which 
degrade tissues. The state of health exists when there is a balance between these two 
processes, and derangements of the balance produce disease. This holds true for all 
tissues of the body. Connective tissues are of particular importance for several reasons. 
First, they support the "functional cells" of the body, i.e., epithelial, muscle and neural 
cells. Second, they play critical roles in intercellular communication, which is essential 
for multicellular life. 

The inflammatory process occupies a key position in this balance. When 
injury to tissues occurs, inflammation initiates the biochemical processes that result in 
tissue repair. Because inflammation results in the symptoms of pain, inflammation, and 
swelling of the tissues involved, it is often regarded by both patients and physicians as an 
abnormal and undesirable state, which should be treated and relieved as soon and as 
completely as possible. As a result, pharmacies are full of "anti-inflammatory drugs" 
(such as corticosteroids and the non-steroidal anti-inflammatory drugs, such as aspirin). 
Under certain circumstances, inflammation can indeed be destructive; however, it is 
important to remember that inflammation is closely linked with tissue healing. Indeed, 
inflammation is not easily categorized as strictly anabolic or catabolic - it may have 
either effect. Its purpose in the body is to remove, dilute or wall-off the injurious 
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agent(s). It also sets into motion the biochemical processes that repair and reconstruct the 
damaged tissue. Because it is essential to healing, and because it can also cause tissue 
destruction, inflammation and its mediators are important factors in the anabolic and 
catabolic balance. 

5 One very important class of inflammatory mediators is the eicosanoid 

group. The eicosanoids are synthesized in the body from essential fatty acids ("FAs"). 
Through a series of biochemical reactions, the precursor fatty acids are niodified to 
produce intermediate metabolites, arachadonic acid ("AA"), an omega-6 FA; and 
eicosapentanoic acid ("EPA"), an omega-3 FA. Eicosanoids produced from arachidonic 
1 0 acid include the 2-series of prostaglandins and the 4-series of leukotrienes, which are 
generally proinflammatory. The eicosanoids derived from EPA, such as the 3 series 
prostaglandins and hydroxyeicosapentaenoic acid ("HEPE"), are less inflammatory than 
those derived from AA. In addition, such eicosanoids may even have anti-inflammatory 
effects. 

15 As a class, the eicosanoids are short-lived and locally active. They are 

responsible for the initial events of inflammation, including vasodilation, increased 
vascular permeability, and chemotaxis. Moreover, the eicosanoids are instrumental in the 
early steps of the healmg process. For example, the eicosanoids trigger the release of 
cytokines such as TGF-B, which in turn stimulates the migration and proliferation of 

20 connective tissue cells, and the deposition of extracellular matrix. Specific constitutive 
eicosanoids also have protective effects in the gastrointestinal mucosa and kidney, 
because they maintain glycosaminoglycan synthesis and normal perfusion of these 
organs. 

Because of anabolic processes such as these, and because of the influence 
25 of natural anti-catabolic and anti-oxidant agents in the body, the outcome of the majority 
of cases of inflammation is resolution of the injury and healing of the damaged tissues. 
Only in pathologic situations does inflammation itself become a contributor to disease. 

Research on the therapeutic use of eicosanoid precursor FAs (including 
cis-linoleic and alpha-linolenic acids, the so-called omega-3 and omega-6 fatty acids) has 
30 been primarily directed towards their use as competitive inhibitors of the synthesis of 
eicosanoids, and therefore, their anti-inflammatory effects. Except in cases of severe or 
absolute dietary deficiency, little attention has been given to the beneficial, anabolic 
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efiec«*a.ft.eico.a„oidshavei„com,e«i™.U.ues.How«er.na«rall,oa^ 
Lm^- deflciencies of e.o3=noi<i. p.«y con^ibu. » 

e^^i^i s,epin*es,n«.esis of AA. Activity of,h.en^m=,(deI»-6*s^^ 
deccascwi^age. ™.is,i.e,y»p,ovca»..««ta«».no^^-^^ 
of oonn««iv. to. dysfuncrton in olte population segments since a deficiency of AA 
«„„,d decrease anabolic processes ^ allow catabo.ic events to donnnate. 

Given the importance of inflammation in tlte healing of Bssues, and the 
p,„tectiverole«somceicosanoidsplay.itisno.s„rprising,hatpha,^udcals.ha. 

decrease inflammation by blocking eicosanoid prod«ion should also have negauve 
eflectsonhealingandan*olicprocesses..thas.o„gbeenknown.hatcomcos.ero,d 

drug^ which are strongly 3,«i-inflamma»,y, ai» delay healing and de^ .he 
Jncdon of e^t^cellnlar maM, components. This is because Cortisol and re la^ 
Lpou^is stabifaecell membranes and therefore inhibitthe release of phosphohpase 
A2 the precursor of AA. R««,tly attention has turned to the non-stero.dalanu- 

iritammator, drugs ("NSAIDa"). Numerous studies have shown that NSAIDs, hke 
corticosteroids, candccreasethesynthcsisofma^ixcompot^ntsbyconncctiveti^^^^^ 

cells, because the, tahibit prostaglandin endop«oxide syntiuse, and thus block the 
cyclooxygenas. ^2"^^^^ process is the s/« ^ «.» of tissue hcaltag, and 
since tire eicosanoids are tite mediators of tire inflammatory process, tire use of AA (and 
other eicosanoid compounds) is a novel approach to ti«rapy of injured tissues. 
Kirkpatncke.al.investigat»itireuseofprostanoidprecursorsoncMck«n^^^^^^ 

ea.tilageinorgancultureandfound.osi«.ifican.effects. pCirkpamck, C J., Eftectsof 
5 P^stloidPrecursorsar^lndometitacinonCMckEmbryonicCartilageOrov^inOrgan 

Cutare ■ BxELfiellBiok 51.192-200 (1993)). The experimental model in tins woA 
have contiibuted to ti,e absence of sipnficant effecu, because avian cattily and 
embryonic cartilage differ signigcantiy from mammalian, posmatal cartilage. For 
example, embryonic cartilageof any spedesishypermetaboUcandanabolicto^^ 

,0 ^ithbecauseitisinaperiodofex^nentialgrowtl. Kent«al. exammedti^efiectsof 
AA in lapine cartilage and found a positive effect, ahhough previous and subseqitent 
research failed to confirm tins. [Kent. l/.. al.. "Differential Response of Articular 
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o*. o^ega^ acids had beneficial effec. on chond™^ ^e-aboUs., in cC, 
..ta^ [L.ppie„„, L.. Wa^, M.. -Modifica^onofartCarca^ageebond^c^ 

10 ~°»P=^e.«ec.^edeam^„„rSs,y,aridtol!^ 

Tl-ese vanable res* « „„, „„exp^_ ^ ^^^^ ^ W 

ca^W,cprocesses i„d,e body is delica^and easily pe«„rted.Pbaae.al.,s„gges,U,a. 

^uc.ofAAvia«„cycl„„,,ge„asep«bwaya:ean.-fib™ge„icwbileAA.r^J 
v,ad,e,.poxyge„asepaU,™yarep,o-iib.genic. ™»pbe.o™e,o«d..„«,a.esd,e 
15 «n>plexityoftbeeicosanoids'inteKctiMK. ■TOsOie 

^"'^"^^"'Wcallymediatedtaftebodybye.^estab.eak 
ape« body c™«,»„,s. CaW.olism is essenM for bcalfl. and deficiency of necessary 

«^=s resuIB in disease, such as be sOH=aaed Storage dishes like 
mucopolpaccbrtidosis. Excessive c^abolisn, n.y also ^„1, in .be breakdown of 

20 "'-"^■-'todisease.asind^.edise.seslikeos.eoarduiHsorau.oinnnnne 
. drseaseslrken^nlriplesclerosis, Vado,. an«-ca.abo,ic substances in *e body be? 
comam and balance catabolisn,. For exan,ple.chondmi«„ sulfate cou„,e.cs 
»e^op...einases«.,ca,abo«.„„age^ 

^™'-'''.">P'----<i-.WsininWM,sU,ee«ec,sofelas,ase,^^^ 
^3 "™lar breakdown m emphysema. 

c«.b ■ ^ ™'^' °" "^^^ ot^ii^ ^ 

catabohsmmrhe body. TOs damage is .heresy, oftoeffecu of See radicals 

^bsrancestahavean unpaired elecuon. Free radicals f„rmco.«yin«„My as 
•^-U.ofnonnalreacdons.ikcheproducdonofATP. They ^o form during fte 
.nflammaro^p^cess. Free .adieus cau^ cellular damage because fcy ^ highly 
chemrcally reacive. Because ihey have only a single eie»o„, (a condi«on ^ nale 

abhors as„do.savacuum),ftesesubs,ances"s,eal"elecm,nsftommole«.,esinteir 
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vicinity. The molecules making up cell structures, such as the cell membrane or DNA 
are thereby rendered electron-deficient. The deficiency of electrons in turn makes the 
cell structure imstable and cell dysfiinction occurs, including manufacture of abnormal 
proteins, cell rupture, and cell death. Oxidative damage is implicated in many catabolic 
events in the body, including the aging process. Anti-oxidants, such as vitamin C, 
vitamin E, superoxide dismutase (SOD), selenium, and glutathione are substances that 
scavenge free radicals before oxidative damage occurs. In the sense that they prevent cell 
damage, anti-oxidants are a specific type of anti-catabolic agent 

The body also contains anabolic compounds that stimulate tissue growth. 
Glucosamine is an amino sugar naturally formed in the body from glucose. When 
supplied exogenously, glucosamine stimulates coimective tissue cell synthesis, and 
thereby increases the amounts of normal extracellular matrix. Glucosamine is also the 
building block for glycosaminoglycans in cartilage and other connective tissues. 
Supplying additional glucosamine thus supplies the body with extra raw materials for 
matrix synthesis in connective tissues. Other examples of anabolic compounds in the 
body include somatotropin, which stimulates protein synthesis, and the somatomedins or 
insulin-like growdi factors, which stimulate the proliferation of chondrocytes and 
fibroblasts and enhance matrix synthesis. 

The actions and interactions of these compounds are complex. A given 
compound may have different effects in different tissues. For example, somatotropin 
increases protein synthesis (anabolism), but also speeds fat breakdown (catabolism). The 
effects that a particular compound or combination of compoimds will have depend on 
many factors, including route of administration, dosage, and duration of therapy. 

Previous researchers have investigated the use of individual compounds 
for their anabolic, anti-oxidant or anti-catabolic effects. Glucosamine has been found in 
cell culture to stimulate connective tissue cells to produce the components of the matrix: 
collagen and glycosaminoglycans (GAGs). [Jimenez, S., "The Effects of Glucosamine 
sulfate on Chondrocyte Gene Expression," Eular Symposium . Madrid October 1 996 
Proceedings, page 8-10]. S-adenosylmethionine is known to participate in several 
synthesis reactions, including the sulfation of GAGs. [Champe, P. Biochemistrv . 2"^ 
edition, J.B. Lippincott Co, Philadelphia, 1994, pp. 248, 250, 265]. Arachadonic acid has 
been found to stimulate corneal healing. [Nakamura, M., " Arachidonic Acid Stimulates 
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Corneal Epithelial Migration", J. Ocul. Pharmacol. . Summer: 10(2): 453-9 (1 994)]. These 
compounds therefore have anabolic effects. 

Chondroitin sulfate has been shown to inhibit degradative enzymes, 
including the metalloproteinases that destroy cartilage matrix. [Bartolucci, C, 
5 "Chondroprotective action of chondroitin sulfate," Int. J. Tiss. Reac >. 2QE(6):3 11-317 
(1991)]. Studies with pentosan sulfate have shown that it prevents complement- 
mediated damage in a rabbit myocardial cells. [Kilgore, K., "The Semisynthetic 
Polysaccharide Pentosan Polysulfate Prevents Complement-Mediated Myocardial Injury 
in the Rabbit Perfused Heart," J. Phamiocol. Exp. Ther. . 285 (31:987-94 0998)]. Oral 

1 0 administration of collagen type II has been shown to decrease the deleterious immune 
response that destroys joint tissue in rheumatoid arthritis. Tetracycline analogues are 
potent inhibitors of matrix metalloproteinases. [Ryan, M., "Potential of Tetracyclines to 
Modify Cartilage Breakdown in Osteoarthritis." FCurr. Onin. Rheumatol .- 8f3V 238-47 
(1996)]. Diacerein modifies the inflammatory process by mhibiting interleukin-1 

1 5 activity, and also by direct effects on lymphocytes and neutrophils. [Beccerica, E., 

"Diacetylrhei;i and rhein: in vivo and in vitro effect on lymphocyte membrane fluidity," 
Pharmocol. Res., 22(3):277-85 (1990); Mian, M., "Experimental Studies on Diacerhein: 
Effects on tiie Phagocytosis of Neutrophil Cells from Subcutaneous Carregeenan-Induced 
Exudate," Drugs Exp. Clin. Res.. 13(1 1):695-8 (1987); Spencer, C, "Diacerein", Drugs. 

20 53(1):98-106 (1997)]. These compounds can be classed as anti-cataboUc agents. 

L-ergothionine scavenges hydroxyl radicals and may inhibit singlet 
oxygen formation, [Han JS. "Effects of Various Chemical Compounds on Spontaneous 
and Hydrogen Peroxide Induced Reversion in Strain TA104 of Salmonella typhimurium"' 
Mutant Res.. 266(2):77-84 (1992)], while superoxide dismutase scavenges superoxide 

25 radicals [Mathews C, Biochemistrv 2"^* ed, Benjamin/Cummings Pub. Co., Menlo Park 
CA, 1996, page 551], These compounds can be classified as anti-oxidants. 

Although these compounds have been investigated individually, to our 
knowledge no one other than the present inventors has examined the effects of certain 
combinations of any or all of anabolic, anti-cataboHc and anti-oxidant agents to maintain 

30 health and to promote healing. According to the present invention, combinations of these 
agents can be used to maximize appropriate anabolic effects (healing) and decrease 
undesirable catabolic effects (degradation) and oxidative damage, while at the same time, 
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causing minimal or no adverse reactions. Therefore, it can be seen that there exists a 
need to provide compositions that will make use of die beneficial effects of combinations 
of anabolic agents, anti-catabolic agents, anti-oxidant and/or analgesic agents for the 
maintenance and repair of connective tissues in humans and anin[ials. 

5 

Summary of the Invention : 

The present invention provides novel compositions and methods of 
treating repairing, and preventing damage to connective tissues in humans and animals 
10 using such compositions. Therefore, it is an object of the invention to provide novel 
compositions of any or all of anabolic, anti-catabolic, anti-oxidant and/or analgesic 
agents for the protection, treatment and repair of connective tissues in humans and 
aniinals. 

It is another object of the present invention to provide methods of treating 
1 5 and repairing connective tissue in hximans and animals with compositions containing any 
or all of anabolic, anti-catabolic, anti-oxidant and/or analgesic agents. 

It is still another object of the present invention to provide compositions 
any or all of anabolic, anti-catabolic, anti-oxidant and/or analgesic agents selected from 
the group consisting of aminosugar, S-adenosylmethionine (SAMe), arachadonic acid 
20 (AA), GAG, pentosan sulfate, collagen type II, tetracyclines, diacerin, super oxide 

dismutase (SOD), L-ergothionine, one or more avocado/soybean unsaponifiables (ASUs), 
hydroxyproline and analgesics, such as acetaminophen. 

It is a further object of the present invention to provide compositions to 
repair, treat, and prevent damage to connective tissue in humans and animals that contain 
25 one or more of the elements selected from the group consisting of aminosugar, SAMe, 
arachidonic acid, GAG, pentosan sulfate, collagen type II, tetracyclines, diacerin, SOD, 
L-ergothionine, one or more ASUs, hydroxyproline and analgesics, e.g, acetaminophen. 

These and other objects of the present invention are apparent from the 
detailed description and claims below. 

30 
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Brief Description of the Drawings 

Figure 1 provides a detailed description of the biosynthetic pathway for 
the creation of GAGs such as chondroitin sulfate. 

Figure 2 is the molecular structure of SAMe and its immediate precursor. 
Figure 3 provides a simplified diagram of the function of SOD. 
Figure 4 provides some examples of unsaponifiable lipids. 
Figure 5 is the molecular structure of acetaminophen. 

Detailed Description of the Invention ; 

The compositions of the present invention, used to treat, repair, and 
prevent damage to connective tissue, include combinations of anabolic, anti-catabolic, 
and/or anti-oxidant agents. Ingredients of preferred embodiments mclude compositions 
selected from the group consistmg of aminosugars, SAMe, AA, GAGs, including 
pentosan, collagen type II, tetracyclines, diacerin, SOD, L-ergothionine, and^one or more 
ASUs. Optionally, the combinations of the present invention also include one or more 
analgesics, such as acetaminophen. In addition, the present invention covers methods of 
administering these novel compositions to humans and animals in need thereof 

Glucosamine - an example of an aminosugar - is naturally formed in the 
body from glucose. When supplied exogenously, glucosamine stimulates connective 
tissue cell synthesis, increasing the amounts of nonnal extracellular matrix. Glucosamine 
is also the building block for glycosaminoglycans ("GAGs") in cartilage and other 
connective tissues, thus, supplying additional glucosamine supplies the body with extra 
raw materials for matrix synthesis in connective tissues. The aminosugar component of 
the compositions of the present invention may comprise natural, synthetic or semi-synthetic 
aminosugars including but not limited to salts of glucosamine includmg glucosamine 
hydrocliloride and glucosamine sulfate, glucosamine phosphate, and N-acetylglucosamine 
and salts and/or mixtures thereof In addition, the term aminosugar is also used herein to 
encompass aminosugars that may have been chemically modified yet retain their function. 
Such chemical modifications include but are not limited to esterification, sulfetion, 
polysulfation, acetylation, and methylation. Moreover, it is contemplated that the temi 
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aminosugar as above-described. 

•n=OAOcompo„e«ofthecomp<«i<iomofttopresa>tmv««.onnBy 

0„^na»al.syn0«ticors™i.yn*.dcOA03.OAO*compo«nds.0,OAG 

p^,s.Mudtagbu.„o.««d.ochond.ifchya,uronioa.id.g.«^i 

^^t. B.adatdo.^««.QAO.^he..*«1he.e„^"..--OAOs^ 

OAOs.reapr=fen«icc«^.of««=«mposWo»sotfteprese„tinve„«on. Hence 
Lo.s»J.a^po.y^(-v=-l^)°-°'-P'='=-^°^°°'""^"="'^°' 

.ucopo.y^accharid^.p.^og.yea.^a^hep™-''^ l,add,«o„.*eOAGo GAG* 

i„vert=taalessuehasPerm.c<M;ic»iKandseaci«umber. 

Chondroitm^dfettU.PtefcrredOAG. aontoitin « "-"^ 

eo™=cUveUssu.inU,eb«dy. AddMonally, chona^oWn suHa« compe^-ly ..tab,. 
deg«ia.ive enzyme, tot degrade eooaeoSve ^ under oonditton. of abnormal. 
iLve— n. C— »d^.a,».yn.er»n,p^o,.^>^-f 
glncuronieacidand sulfa«d gala—e. [Lester M. Mom^n, M.D. and O. Ame 

;;,n974VPWlipC ChampT^Wehard A. Harvey, UbbBCoBS 

^^j^^^^^^^i,^^ ,48-50 (red, 1994),. One of ordinary sk,n»*e 
ar,unde,s«d3fta.chond,oMn sulfas mus. have a, leas. two. and po^nnaUyn-any.of 

. tt,eserepea«ng«ni.sofglucuronicacidandsul6.edgalae,osanune. 

Figure I provides a defied description of the biosynfteuc paUrway for 
*ecreationofGAGs,suchascl,ondroi.insulfa.e. ,„ addiUon, , he presen. invention may 
include fragments ofGAGs. such as fragment of chondroitin sulfate. One of ordmary 
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skiU in the an « fte ta. tavenflon u„der.u„ds to, -i^^ <,f 
u^.»of«,eg,ycosa„„„„,„e». Hence, i, , u„.e..oc^ ^ J" 
tteiepeatmgunnsoflherespectivepolymer. "annrool 

Mwv FimmoE . FAgEBJ, &861-862 (1992)). 

-^^'"""'^Ape^oofo*.^^^^^^^^^^ f- 
^ ^y^-inoglycan. and ■■c^.d.to ^,a,e ftag„,en.,- and 
^ unde^s ta. „ „^ g^p, 

"=^'^'™'^>"*«'«>teofU,eglyc„^„g,yea„. 

One of *iU would expect that figments of chondmitin sulfate for 
-^le, wouldhavethe sa^e utiUt, as chondtolUu sulfate i^lf. Chond^oitln sulfite is 
do™ utto sutall. units within the body, and «.a. it is tefonnulated U d» 

^*.=^ono,c„i,ageandod«,_etissueWo^i.is™dets.„odthatthe 

^yutU,«sfia,.ueu.sofch„nd,<,itit,s^fatein,hesau.en,annerasitu.iB^ 
■^n^.^sui^itsc,,.T^^,,^,^^„^^,,^,^ 

»a^e^ofchond.i,h,sal,s,-a„d.*ag„ea.ofg,,cosa„ti„„,,,^,,^„^^ 

^fottt : '"ilageand othceonnec^ve tissue • 

T^fo«, the body uul.es ftagnten. of cho„d„,i,i„ in the sante n»„e. as i, ufflizes 
chond™.t„,.tself.„.ill^^,„,„,„^.^^^^^ 
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chondroitin salts, and utilizes fragments of glycosaminoglycans in the same manner as it 
utilizes glycosaminoglycans. 

Moreover, it is intended that the temi GAG can extend to any composition of 
matter that is insubstantially different from the GAGs as above-described. An example of 
such a GAG-like compound that is within the scope of the present invention is pentosan 
polysulfate (PPS) as well as salts thereof such as calcium-derived PPS and sodium PPS. 
Accordingly, a preferred GAG-like compound that may be used in the compositions of the 

present invention is PPS. 

PPS is a semi-synthetic polysulfated xylan that is a sulfated form of a 
compound extracted from beechwood hemiceUulose consisting of repeating units of ( 1 -4) 
linked B-D-xylano-pyranoses. More specifically, PPS is produced by extracting these 
hemiceUulose compounds via a series of chemical reactions from the wood, and then 
adding numerous sulfate groups to the purified polysaccharide chains. This process 
- results in low molecular weight linear polysaccharide chains that carry numerous 

negatively charged sulfate groups. PPS is a semi-synthetic heparinoid that is considered an 

oversulfated form of a GAG. 

TTiere are several forms of PPS that display the above-described activities. 
Sodium PPS and a calcium-derived PPS (called CAPPS) may both be used to accomplish 
thefimctionsofPPS. Each dflhese forms ofPPS exhibit GAG-like activity, and will 
hereinafter be referred to as GAG-Uke compounds. 

Pentosan's mechanism of action can be summarized as follows: 

1 . Anti-inflammatory activities through stabilization and improvement of micro- 
circulation in the inflamed tissues and through anti-Complement effects (decreases 
the release of the humoral mediators of inflammation called the Complement 
cascade). 

2. Inhibition of chemotaxis of granulocytes, which are white blood ceUs that contribute 
to inflammation. 



3 . Stimulatory effect on proteoglycan synthesis. 

4. Stimulatory effects on hyaluronic acid synthesis by synovial fibroblasts. 
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5. Potent inhibition of catabolic enzymes including, human granulocyte elastase 
(noncompetitive inhibition), hyaluronidase (competitive inhibition), chondroitin-4- 
sulfatase and N-acetyl-glucosaminidase at concentrations much more lower than that 
of NSAIDs. - 

Other synthetic or semi-synthetic glycosaminoglycans or glycosaminoglycan-like 
compounds, such as polysulfated glycosammoglycans, may be used in this invention. 

Diacerein also known as diacetylrhein. is a recently recognized organic 
compound found in plants of the genus Cassia. The active metabolite of diacerin, known 
as rhein. has anti-mflammatoiy effects through inhibition of interleukin- IB; 
consequently collagenase production in articular cartilage is reduced. It reduces the 
fibrinolytic activity of synovial fibroblasts as well. It also dose-dependently inhibits 
chemotaxis (attraction of white blood cells) and superoxide anion production (this is one 
of the "toxic oxygen species" or "free radicals"). These hanniul compounds occur 
spontaneously in the body, especially during destructive inflammation. Diacerein (rhein) 
has analgesic and antipyretic activities. It reduces the breakdown of chondroitin.4. 
sulfate resulting in an increase in the mtio of chondroitin-^-sulfate to chondroitin-6. 
sulfate. (This ratio is pathologically decreased in degenerating cartilage.) Diacerein 
(rhein) mildly increases prostaglandin synthesis, which aUows it to have protective 
effects on the gastric mucosa. As used in this application and claims, the term "diacerin" 
includes rhein. 

S-adenosylmethionine (SAMe) is an important endogenous compound 
present throughout the body, and taking part in a great number of biologic reactions such 
as transsulfation reactions. In this role it is an important reartant in the synthesis of 
many structural components of comiective tissues, including proteins and proteoglycans 
Thus, SAMe has significant anabolic effects which would enhance the actions of other 
anabolic agents. SAMe also has anti-mflammatory effects by virtue of its antioxidant 
action. 

SAMe is compomid synthesized in the body from adenosine triphosphate 
("ATP") and methionine (Fig. 2). It is present in many tissues, including the central 
nervous system. The primao^ CNS function of SAMe is to donate methyl groups in the 
reactions synthesizing various crucial compounds, including neurotransmitters and 
phospholipids. For example, SAMe facilitates the conversion of 
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phosphatidylethanolamine to phosphatidylcholine, which forms part of the inner, lipid 
layer of the plasma membrane. In so doing, SAMe increases membrane fluidity and 
enhances effectiveness of receptor/ligand binding. [Champe and Harvey, Biochemistry, 
1994; Stramentinoli, G., "Pharmacologic Aspects of S-Adenosyhnethionine." American 
5 J.Med. . 83(5A):35 (1987); Baldessarini. F., "Neuropharmacology of S-Adenosyl 

Methiomne." An^erican J. Med.. 83(5A):95 (1987); Carney, M., "Neuropharmacology of 
S-Adenosyl Methionine." riin N^nmnharmacoL 9(3):235 (1986); Janicak, P., "S- 
AdenosylmethionineinDepressioa" AkbaxMlMe^ (1988)]. These 

functions may also pertain to other methyl donors such as betaine (trimethylglycine), 5- 
10 methyltetrahydrofolate, foUc acid, and dimethylglycine. [Champe and Harvey, 

Biochemistry. 1994]. Because SAMe takes part in a multitude of reactions, the need for 
SAMe in the body is always high, and disease states increase the demand. Deficiencies 
of SAMe are documented to exist in, and contribute to, various pathologic processes. 
SAMe is essential for the synthesis of sulfated glycosaminoglycans. Siq)plementation of 
15 SAMe would maximize the synthesis of glycosaminoglycans and prevent the rate- 
limiting effect that would be elicited by a deficiency of this vital compound. 

SAMe is also active in reactions that preserve and sqjport cell 
membranes. Tids effect is nov^ere more unportant than in the liver. Each Uver cell is 
essentially a system of membranes. Liver function depends on the maintenance of these 
20 membranes. For example, ethanol exerts its hepatotoxic effects, in part, by damaging 

liver cell membranes. Studies have repeatedly shown that supplementation of SAMe has 
protective effects in the face of ethanol toxicity. [Lieber, C. S., "Biochemical Factors in 
Alcoholic Liver Disease," Seminars in Liver Disease, 13:2, 1993, Mme Medical 

Publishers, Inc., New York, NY.] 

25 Superoxide dismutase is an enzyme present naturally in the tissues of 

animals and plants, which has recently been investigated as an agent in the management 
of inflammation. It acts by intercepting toxic oxygen radicals in the intracellular space 
during destructive inflammatory processes. It does not inhibit prostaglandin 
biosynthesis, but stops the overproduction of prostaglandins resulting Irom destructive 

30 inflammation. Some of its effects include inhibition of edema formation and inhibition of 
acute signs of inflammation and the secondary articular changes (stiffness and 
calcification) in adjuvant-induced arthritis. Having no analgesic effects, it does not 
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contribute to the overuse of the affected joints that eventually leads to more damage of 
the articular cartilage, as NSAIDs can. Also, it has no adverse effects on the 
cardiovascular, central nervous or endocrine systems. Figure 3 provides a simplified 
diagram of the fiinction of SOD. 

L-ergothionine is an intracellular antioxidant naturally occurring in plants 
and animals, but not synthesized in human bodies: it comes only from dietary sources 
The antioxidant properties of L-ergothionein appear to be related to its abiHty to scavenge 
reactive oxygen species (free radicals), chelate various metaUic cations, activate 
antioxidant enzymes such as glutathione peroxidase (SeGPx) and manganese superoxide 
dismutase (Mn SOD) and to inhibit superoxide-generating enzymes such as NADPH- 
Cytochrome C reductase, and to affect the oxidation of various hemoproteins such as 
hemoglobin and myoglobin. Because all body tissues depend on these two oxygen 
earner molecules, this characteristic is extremely beneficial. [Brummel. M.C.. "In Search 
of a Physiological Function for L-ergothioneine." MedJiyEofeeses.l8(4):35l'70 (Dec 
1985); Brummel, M.C.. "In Search ofa Physiological Function for L-ergothioneine ~ 
n/'MedJtete.2Q(l):39-48(Sept. 1989); Han. J.S.. "Effects of Various Chemical 
Compounds on Spontaneous and Hydrogen Peroxide-Induced Reversion in Strain TA104 
of5a/«o«g//flO*;Wiz/m/'Mlltat^ 266(2):^ Arduini, A, 

"Possible Mechanism of Inhibition of Nitrite-Induced Oxidation of Oxyhemoglobin by 
Ergothioneine and Uric Acid." ArcLBiochem RinrHyc 294(2):398-402 (May 1992)]. 

Collagen Type II also has beneficial effects that help maintain the normal 
balance between anabolism and cataboUsm. Specifically, connective tissue diseases may 
result from autoimmune processes, in which the immune system attacks and catabolizes 
the individual's own cbmiective tissues as if it were a "foreign invader." Oral 
administration of collagen Type II can desensitize the immune system, preventing fimher 
attack and normalizing immune responses in these individuals. This decreases catabolic 
processes in the comiective tissues and maximize anabolism. Ingestion of collagen type 
II presents this molecule to the immune cells in the gut-associated lymphoid tissues 
(GALT, a.k.a., Peyer's patches). Interactions between the collagen molecule and specific 
cells within the GALT activates mobile immune cells called T suppressor ceUs. Tlxese 
cells, in turn, moderate the destructive immune reaction against the individual's own 
collagen type II (in connective tissues). 
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Compounds in the tetracycline family include tetracycline, doxycycline, 
tetracycline analogs, and "tetracycline-like" compounds, and have been used 
therapeutically for their anti-microbial effects. Current research has focused on 
"tetracycline-like" compounds which possess insignificant antimicrobial effects, but with 
anti-catabolic effects. Specifically, "tetracycline-like" compounds are polycyclic 
compounds that inhibit tissue metalloproteinases which degrade extracellular matrix 
components including collagen and proteoglycans yet have insubstantial anti-microbial 
effects. This fiinction of these compounds, as well as other compounds in the tetracycline 
family, may be related to the abUity of these compounds to chelate calcium and zinc ions. 
For example, doxycycline has been shown to inhibit collagenase activity in articular 
cartilage. 

Certain lipid extracts, termed nonsaponifiable or unsaponifiable, which 
have been extracted from avocado (genus Persea, especially P. americana) and the 
soybean (Glycine max), and which could also be extrkted from other plants, such as 
bananas, and organisms, such as algae, have also been studied for their beneficial effects 
on comiective tissues. These nonsaponifiable or unsaponifiable compounds are that part 
of the plant lipids that do not undergo saponification, i.e., they do not react with alkali to 
form a soap. There are many such compounds, and any particular avocado extract may 
contain any number. Examples include fat soluble vitamins (A, D, E, and K). steroids 
such as phytoestrogens, sterols (bioflavonoids) and volatile essentials oils (terpenes such 
as menthol, camphor, lycopene, gibberellic acid, Ihnonene, cimiamalddiyde, carotenoids, 
and ubiquinone, also known as coenzyme Q.) [Mathews, C. K. & van Holde, K. E. 
Biochemistry, 2nd ed.. The Benjamin/Cummings Pub. Co., Inc., 1996, p. 691.] 

The avocado/soybean unsaponifiables (ASU) have been used in Europe 
under the trade name Piascledine and have been used to treat osteoarthritis and other 
forms of arthritis [Thiers, M. H., "Unsaponifiable constituents of avocado and soya oils. 
Treatment of certain forms of arthralgia," J. Med. Lyon 53(222): 195-8 (Feb. 1972) 
(article in French)], as well as soft-tissue inflammatory conditions [Trevoux, R., 
"Unsaponifiable fractions of the avocado and soybean in gynecology," J. Bynecol. 
ObsteLBioLReEodj6(l):99-105 (Jan. 1977) (article in French); Lamaud, M. E., et al., 
"Biochemical modifications of connective tissue induced by the non-saponifiables of 
avocado and soy-bean oils administered percutaneously in the 'hairless' rat," PathoL 
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BioL26(5):269-74(May-Jun. 1978) (article in French)]. The mechanism of action of this 
compound is to stimulate chondrocyte expression of TGF (transforming growth factor) 
beta 1, TGF beta 2 and plasminogen activator inhibitor I ("PAI-1"). By increasing PAI- 
1. ASU blocks the cascade that leads to metalloprotease activation [Boumediene K., et 
al.. "Avocado/soya unsaponifiables enhance the expression of transforming growth factor 
beta 1 and beta 2 in cultured articular chondrocytes," Arthritis Rhenm 4C> (1 }• 148,55 
(Jan. 1999)]. ASU mixtures also reduce the spontaneous production of stromelysinsJL- 
6, IL-8 and prostaglandin E2 by chondrocytes. AdditionaUy. ASUs decrease the effects 
of IL-1 , and thereby reduce chondrocyte and synoviocyte production of collagenase. 
[Henrotin, Y. E., et al., "Eflfects of three avocado/soybean unsaponifiable mixture on 
metalloproteinases, cytokines and prostaglandin E2 production by human articular 
chondrocytes," Clin. Rbeumatnl I7( i)- 3 1.9 (i 993) j 

TGF beta 1 and 2 are members of a family of homologous 
polypeptidecytokines. These locally-acting hormones can have paracrine or autocrine 
effects and are made by a variety of cell types, including lymphocytes, endothelial cells 
and macrophages. TGF beta has varied effects in different tissues; it generally inhibits 
epithelial cell metabolism. In connective tissues, however, it has been shown to be an 
indirect mitogen for fibroblasts and other cells of mesenchymal origia It also can 
stimulate cellular production of fibronectin and collagen, and decrease protease activity, 
resulting in a net increase in matrix production. [Cotran, R. F., Kumar, V. and Robbins,' 
S. L.. Eds., Pathologic Basis of Dispf^se, 5* ed., Saunders, 1994, pp. 40-42.] 

Stromelysins are a subtype of proteinases that act on a variety of 
extracellular matrix components, including proteoglycans, laminin, fibronectin, and 
coUagen. Stromelysins are produced by fibroblasts, synoviocytes, and macrophages, 
among other cell types, under the influence of cytokines such interleukin -1 and tmn'or 
necrosis factor alpha. Interleukins and prostaglandins are among the many mediators of 
inflammation. Reductions in levels ofallofthese compounds result in a decrease in pain 
and swelling, which are halhnarks of inflammation. 

The fat-soluble vitamins present in ASU mixtures are necessary for 
growth, and augment the anabohc effects of TGF-beta. Because they stimulate TGF beta 
and also decrease degradative enzymes, as explained above. ASU mixtures can be said to 
have both anabolic and anti-catabolic effects. Although some of the effects of ASUs 
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overlap the effects of other compounds in the present invention, ASUs contribute unique 
properties to the group of compounds and provide very beneficial effects v.hen used in 
combination with those other compounds. For example, while glucosamine and ASUs 
both stimulate anabolic processes in comiective tissue cells, these compounds have 
5 different cellular mechanisms of action. Glucosamine acts in part through protein kinase 
C while the effect of ASUs, as stated above, is through transforming growth factor. 
ShnUarly, chondroitin and ASUs have inhibitory effects of IL-1. ASUs, however, inhibit 
the plasmin cascade, while chondroitin decreases activation of the complement cascade. 
Osteoarthritis is a complex disease involving interplay of many cytokines at the cellular 
10 level. Because the different compounds of the present invention act on different 

cytokines, they will have synergistic effects when used in appropriate combinations. 

In placebo controlled, double blind trials. ASUs have been shown 
effective in reducing symptoms of osteoarthritis [Maheu, E.. et al.. "Symptomatic 
efficacy of avocado/soybean unsaponifiables in the treatment of osteoarthritis," Artimtis 
1 5 Rheunkild)-- 81-91 i^^- 1998); Blotman, F., et al., "EfBcacy and safety of 

avocado/soybean unsaponifiables in the treatment of symptomatic osteoarthritis." Rev, 
Ph..nni F.ngl. Ed. 64(12): 825-34 (Dec. 1997)]. In these studies, side effects in the 
intervention groups were similar to those seen in the placebo groups, indicating that 
ASUs are safe and well tolerated substances. Because the active unsaponifiable 
20 components found in avocados and soybeans may also be present in other plants and 
indeed other organisms, ASUs as used m this invention can include any or all 
unsaponifiable lipids and/or combinations thereof, regardless of origin, whether fiom 
plants or other organisms, or whether semi-synthetically or synthetically derived. 
Examples of components of ASUs include but are not limited to: limonene, beta carotene, 
25 phyloquinone. and giberellic acid. As explained above, ASUs can include any of a 
number of classes of compounds including but not limited to fat soluble vitamins, 
steroids, sterols and volatile essentials oils, or any combinations thereof The invention 
includes, moreover, compositions which contain one avocado/soybean extract (ASU) or 
mixtures or combinations of such extracts (more than one ASU). There are many such 
30 combinations and all are intended to be included within the present invention. 

Hydroxyproline is a compound that occurs normally in the vertebrate body 
as a necessary component of coUagen formation. Like all proteins, collagen' s primary 
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stnictur. (termed the pro-alpha^hain) contains a specific and characteristic sequence of 
amino acids. Specific for collagen is the presence of proline and lysine in certain 
locations in the chain. During the formation of collagen, these residues are hydroxylated 
by enzymes (prolylhydroxylase and lysylhydroxylase) to form hydroxyproline and 
hydroxylysine. The reducing agent ascorbic acid (Vitamin C) is also necessary for this 
hydroxylation to occur. Unless hydroxylation occurs, collagen molecules cannot 
assemble and cross-link, thereby severely limiting the strength of comxective tissues 
Recognized diseases of collagen formation that are caused by failure of hydroxylation 
anclud. Ehlers-Danlos syndrome, scurvy, and osteogenesis imperfecta. In addition to the 
many known conditions caused by collagen abnormalities, it is likely that collagen 
abnormalities contribute to other diseases in ways that are not yet knoivn. 

Proline is a precursor of hydroxyproline. The two molecules are 
structurally similar, differing only in the addition of a hydroxyl groui,. Tins small 
structural difference between the two molecules, however, has fimctional importance m 
the same way that small structural differences in the shape of a key canhave functior^ 
importance. Prohne is a cyclic amino acid synthesized in the body from glutamate via 
several intermediary steps. Because it is nonnally synlhesized in the body, proline is 
considered a non-essential amino acid. Collagen deficiencies due to the inability to 
synthesize proline and the resultmg lack of proline in the body are poorly documented 
and are probably rare to non-existent, because a complete lack of proline would be 
inconsistent with life. As noted above, however, deficiencies of hydroxyproline are well 
known, and ai. usuaUy due to the body's inability to hydroxylate proline. [Cotran 
Kumar and Robbins.eds., Pathologic Basis of Disease, 1994. page 423.] In cases of 
hydroxyproline deficiency, thei^fore. proline supplementation is likely to be of no 
benefit Instead, hudroxyproline should be supplemented or administered 
It has been documented that many N-substituted derivatives of proline, including 
hydroxyproline, have anti-rheumatic and analgesic effects and also speed healing 
[United States Patent No. 5,827,874.] The mechanism of action is not completely 
determined but it appears that inhibition of prostaglandins is not involved. Ponac M 
Pamham, M. J., Plauchithiu, M., Brune, K.; Pharmacol. Res. (Jun. 1996) 33:6 367-73] 
In an autoradiography study, Kalbhen found that hydroxyproline (Oxaceprol®) increased 
the intracellular uptake of glucosamine in chicken cartilage. [Kalbhen, D. A.. Kalkert 
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B., "Autoradiography studies of the effect of oxaceprol on the metabolism of joint 
cartilage and in vitio," Z Rheumatolo. (May-Jun 1987) 46:3 136-42.] This study 
indicates that a synergistic effect would exist if hydroxyproline and glucosamine were 
administered in combination. Indeed, synergistic effects would result fiom the 
combination of hydroxyproline with other ingredients in the present invention: for 
example, the combination of hydroxyproline with an anti-catabolic agent such as 
chondroitin sulfate. Hydroxyproline is classed in the present invention as an anabolic 
agent. Because supplementing hydroxyprolme addresses collagen abnormalities and 
deficiencies that the other ingredients in the present invention do not address, and 
because hydroxyproline thereby contributes to the structure and function of connective 
tissue differentiy than the other ingredients, inclusing hydroxyproline in the compositions 
of the present invention is beneficial. Other forms and derivatives of hydroxyproline, 
including oligopeptides, acylated forms, nitrates, salts and other common derivatives, 
may be used in the present invention. Acetylated hydroxyproline is a preferred form of 
hydroxyproline for inclusion in the present invention. 

The compounds of the present invention have several advantages over 
existing therapies for connective tissue disorders, such as excellent safety profiles. This 
is in part related to the fact that these compounds occur normally in the body aid in 
various foods. Another characteristic shared by the compounds is tendency for a slow 
onset of action. Pharmaceuticals, such as NSATOs, tend to cause sudden changes in the 
symptoms of disease. The endogenous compounds in the present invention work more 
slowly, by normalizing structures and fimctiom within the body. WhUe this action is 
beneficial, it does mean that symptoms will typically not be reUeved immediately. For 
this reason, an analgesic is included as an optional component of the compositions of the 
present invention. The analgesic is to be chosen fi-om the group of analgesic compounds 
that have been shown to have minimal side effects at therapeutic doses, and also to have 
minimal negative effects on connective tissue synthesis, as corticosteroid drugs and many 
NSAIDs have been shown to have. The analgesic that may be included in the 
composition of the present invention therefore is a nonsteroidal analgesic that does not 
have anti-inflammatory effects. In other words, the analgesic is a nonsteroidal drug that 
is not an NSAID. Examples of the analgesics of the present invention include 
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acetaminophen and tramadol. Except as discussed below, the preferred analgesic of the 
present invention is acetaminophen. 

Acetammophen is an analine derivative analgesic and antipyretic 
compound vwridng centraUy through reversible inhibition of the enzyme cyclo- 
oxygenase in the central nervous system. Acetaminophen also blocks the peripheral pain 
impulse generation in nerve endings throughout the body. It has been used extensively 
for symptomatic pain relief The relief of pain is beneficial for more than die obvious 
humane reasons. Since there are also hnportant links between the emotional centers of 
the brain and the immune system, the relief of pain, and the resulting elevation in mood, 
has beneficial effects on inflammation and the many other processes that are modulated 
by the immune system. For example, the decrease in pain associated with acetammophen 
use can lead to decreased chemotaxis of neutrophils and decreased release of cytokines in 
the abnormal tissue. Decreased pain increases the wiUmgness to move m normal ways, 
and this movement is itself generaUy beneficial for comiective tissue healing. Although it 
blocks cyclooxygenase activity, acetaminophen has very little anti-inflammatory 
activity.Therefore, acetaminophen does not inhibit connective tissue anabolism, as 
NSAIDs and corticosteroids do, and because it has minimal side eifects at therapeutic 
doses, it is an ideal analgesic agent in the present invention. Another advantage to 
mcluding a safe analgesic in the present mvention is that it will increase the likelihood 
that patient compUance would be high, i.e., that patients would continue taking the 
preparations long enough for disease-modifying effects to occur. Studies of isolated 
chondroprotective agents often have a high rate of drop-out in the early weeks of therapy 
due to patient perception that the agent is not working. With die addition of an analgesic, 
patients would be more inclined to continue therapy. 

Because acetaminophen and the other components of this invention have different 
mechanisms of action, their effects are synergistic and tiiis enables the use of a lower 
dose of acetaminophen. Acetaminophen acts centrally and also peripheraUy through 
effects on substance P, blocking pain perception. Other ingredients in the mvention act to 
reduce the cause of pain by enhancing the structure of connective tissues. Using a low 
dose of acetaminophen is desirable, because while the drug is usefiil for analgesia and 
does not have significant anti-inflammatory effects, it can have harmful effects on the 
liver and other tissues when large doses are used or the liver is otherwise compromised or 

-20- 



wo 99/62459 



PCT/US99/12152 



diseased, such as by long-term alcohol abuse. It has been shown that with therapeutic 
levels of oral acetaminophen Oess than 4 g/day), there was an increased metabolism of 
acetaminophen in chronically alcoholic patients, which would enhance the potential for 
liver toxicity. [Girre, C, Hispard, E., Palombo, S., et al., "Increased metabolism of 
acetaminophen in chronically alcoholic patients," Alcohol Clin. Exp. Res. (Feb. 1993) 
17(1): 170-3.] Acetaminophen is the most widely used and recommended 
nonprescription analgesic and antipyretic medication in the United States. [Rose, S.R., 
"Subtleties of managmg acetaminophen poisoning," Am. J. Hosp. Pharm. (Dec. 15, 1994) 
51(24): 3065-8.] Because acetaminophen is widely advertised and readily available over 
the counter, consumers as well as health care professionals perceive this medication to be 
nontoxic. Either acute or chronic ingestion of exc^sive acetaminophen for pain relief 
can lead to hepatotoxicity (in both a dose-dependent and independent manner) more 
commonly than previously recognized, especially in those patients with predisposing 
liver conditions. [Barker, J. D. Jr., et al., "Chronic excessive acetaminophen use and liver 
damage," Ann. Inem. Med. (Sep. 1977) 87(3):299-301; Fry, S. W., Seeff, L. B., 
"Hepatotoxicity of analgesics and anti-inflammatory agents," Gastroenterol. Clin. North 
Am. (Dec. 1995) 24(4): 875-905; , Lindgren, A., et al., "Paracetamol-inducted cholestatic 
and granulomatous liver injuries," J. Intern. Med. (May 1997) 241(5): 435-9.] Therefore, 
it is not obvious to a person of ordinary skill in the relevant art to use a low dose 
acetaminophen in combination with the other mgredients of the present invention. In tiie 
invention, low dose acetaminophen tiierapy would comprise administration of less tiian 2 
grams of tiie drug daily. Moreover, some of the components of the present invention, 
notably SAMe, directiy antagonize tiie hannftil effects of acetaminophen by protecting 
liver function. It is also advantageous to combine glucosamine and chondroitin sulfate 
with acetaminophen because studies have shown tiiat acetaminophen alone can lower 
blood sulfate levels and tiierefore decrease tiie syntiiesis of sulfated glycosaminoglycans 
in connective tissues. [Van der Kraan, P. M., Vitters, E. L., de Vries, B. J., et al, "The 
effect of chronic paracetamol administratio to rats on the glycosaminoglycan content of 
patellar cartilage," Agent Actions (March 1990); 29 (3-4): 218-223.] Administering 
acetaminophen alone for control of connective tissue pain may not be in the patient's best 
interest, but is commonly recommended cunrently. The use of acetaminophen in tiie 
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combinations of the present invention represents an unobvious improvement in therapy 
for patients with connective tissue abnormalites. 

Cats are sensitive to acetaminophen because they do not metabolize it 
effectively (poor hepatic conjugation with glucuronic acid and subsequent depletion of 
glutathione occurs) [Goodman. A. and Goodman, L.. The Pharmacoln<Hr.i n..;. »f 
Therapeutics, 7* ed., MacMillan Publishing Co., 1985, pp. 692-95; Ahrens, F.. 
Pharmacologv, WUIiams & Wilkins, 1996, pp. 174-75]. Accordingly, acetmnmophen is 
not reconunended for use in cats. 

The present invention comprises novel combinations of anabolic agents, 
anti-catabolic agents and antioxidant agents that maximize beneficial, anaboUc effects ' 
(healing) and minimize any potential negative effects. In so doing, the present invention 
provides novel combinations of these agents and anti-oxidant agents, for the protection, 
treatment and repair of comiective tissues in humans and animals. ITiecompounds 
included in the compositions of the present invention are not limited as to origin, and 
may be naturally, semi-syntheticaUy or synthetically derived. 

These compounds have a variety of beneficial effects on anunal and 
human comiective tissues, and, because they function via a variety of mechanisms, work 
well in combination with each other. Although each compound has a number of 
functions, they can be roughly grouped as: (1) anabolic agents, including glucosamine, 
SAMe, AA, ASUs, and hydroxyproline, which promote growth processes in the body; 

(2) anti-catabolic agents, such as chondroitin sulfate, pentosan sulfate, collagen type 11, 
tetracyclines, diacerin and ASUs, which inhibit destructive or catabolic processes; and' 

(3) antioxidants, such as SOD, and L-ergothionine which prevent tissue damage by 
scavenging toxic oxygen species (free radicals). Naturally, some compounds, such as 
ASUs, could be placed in more than one group, by virtue of their overiappmg functions. 
The present invention establishes that combinations of these compounds would work 
well. In addition, an analgesic could optionally be added to any of tiie individual 
compounds recited above or to a combination of tiiem to provide relief from pain. 
Acetaminophen is tfie analgesic of choice because it does not have powerful anti- 
inflammatory effects and therefore does not interfere with healing of comiective tissue. It 
also has minimal side effects at therapeutic doses, unlike NSAIDs which may cause 
gasu-ointestinal ulceration or poor renal perfusion even at therapeutic doses. Thus, the 
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present invention consists of various combinations of two or more of the following 
agents- AA glucosamine, chondroitin sulfate, pentosan, diacerin, S-adenosylmeth,om^^^ 
superoxide dismutase. L-ergothionein, collagen type D, tetracycline-like compounds, one 
or more ASUs, hydroxyproiine, and, optionally, one or more analgesics, e.g.. 
acetaminophen. Examples include, but are not limited to such combinations as; two 
anabolic agents (e.g., AA and glucosamine); an anabolic agent and an anti-catabohc 
agent (e g., AA and pentosan); an anti-catabolic and an antioxidant (e.g., tetracychclme 
and superoxide dismutase); or combinations of more than two agents (e.g., glucosamine, 

SAMe and AA) or SAMe, ASUs, hydroxyproiine, acetaminophen and diacerin. 
" Examples of specific compounds that may be present in ASU extracts include but are not 

limited to: limonene, beta carotene, ubiquinone, and undecaprenol phosphate. 

. The following table shows possible combinations of pairs of the 

compounds discussed above. The letter "X" marks novel combinations of compounds 

that form the novel compositions of the present invention. The invention also includes 

combinations of three or more agents of the following compounds in the combinations 

shown on the table: 

Glucosamine 

Chondroitin 

SAMe 

Pentosan 

Superoxide Dismutase (SOD) 
L-Ergothionine 
Collagen Type II 
Diacerin 

Arachadonic Acid 

Tetracycline like compounds 

One or more avocado/soybean unsaponifiables. 

Hydroxyproiine 

Analgesic, e.g., acetaminophen 

As explained above, examples of desired combinations are marked by X. For example, 
the first X in the fost row means a combination of glucosamine and L-ergothionine or 
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glucosamine and diacerin. The compositions of the present invention additionally 
compnse any aggregation or addition of the combinations marked by X in any given row 
or column. For example, the compositions disclosed in the first row include 
combinations of glucosamine plus L-ergothionine plus diacerin. or glucosamine plus 
diacerin plus tetracycline-like compounds or glucosamine plus L-ergothionine plus 
diacenn plus AA plus tetracycline-like compounds, and so on. Examples of 
compositions disclosed in the column designated "Collagen Type II" would include 
combinations of collagen Type D plus SAMe plus pentosan, or collagen Type II plus 
SAMe plus pentosan plus superoxide dismutase plus L-ergothionine, and so on 
Examples of compositions disclosed in the column designated "ASU" would mclude 
combmations of one or more ASUs plus glucosamine, or one or more ASUs plus SAMe 

plus pentosan, or one ormoreASUspluscollagenType II plus SAMe plus pentosan plus 
superoxidedismutaseplusL-ergo^ionine, andsoon. Similarly, the table shows that an 
analgesic, e.g., acetaminophen, can be combined with any other compound listed in the 
table either singly or in any combination. 
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The present inventors have investigated certain combinations of the above 
agents and have documented a novel response in several combinations. The effects of 
certain combinations of chondroitin sulfate, glucosamine, SAMe, arachidonic acid, 
collagen, pentosan, and superoxide dismutase were studied in cultures of adult bovine 
cartilage cells in different experiments (see example 2). Certain combinations had an 
inhibitory effect (hypometabolic) in this particular study. Both stimulatory and inhibitory 
novel interactions could be beneficial under various disease states. For example, a 
hypermetabolic state is part of the pathogenesis of some diseases. In such diseases.^! 
inhibitory (hypometabolic) response would be beneficial to the individual. Future 
studies are planned to investigate the effects of a range of concentrations in the agents 
studied under various experimental models. Note that both increases and decreases in 
biosynthetic activity are novel interactions and could be beneficial to organisms under 
selected circumstances. For example, many researchers currently believe that 
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osteoarthritis has a hypermetaboUc component, especially in the early stages of 
pathogenesis. Researchers are divided as to whether treatment should focus on agents 
that stimulate cartilage matrix production, or agents that are inhibitory and therefore 
make the cartilage environment more hypometabolic, which in turn could have a 
stabilizing effect on the cartilage tissue. 

The compositions of the present invention may be administered via any 
route, including but not limited to intramuscularly, intravenously, orally, subcutaneously. 
rectally, topically, transcutaneously, intranasally. and intra-articularly. sublingually. 
intraperitoneally. Also, any salt of any of the present compounds may be used to aid in 
absorption, e^, glucosamine HCl, glucosamine sulfate, glucosamine phosphate, sodium 
chondroitin sulfate, calcium chondroitin sulfete, potassium chondroitin sulfate, etc. In 
addition, the composition can be given in all common dosage fonns including extended 
release dosage fonns, pills, tablets, c^sules, creams, Uquids, aerosols, extended release 
forms, injectables, etc. 

The dosage ranges of the compositions of the present invention will vary 
depending upon the needs of the human or animal to which the compositions are 
administered. TTie dosage ranges for the various components of the presently claimed 
compositions are as follows: 
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Glucosanune 


rotal dose range: 25 mg to 12 g 
Small animal: 25 mg- 3 g. 
tiuman: iuu mg - ^ g 
Large animal: 300 mg - 12 g 


Chondroitin sulfate 


Total dose range: 1 5 mg - 12 g 
Small animal: 15mg-2g 
Human: 75 mg - 4 g 
Large animal: 300 mg - 12 g 


SAMe 


Total dose range: 10mg-8g 
Small animal: 10 mg-1 g 
Human: 75mg-3 g 
Large animal: 400 mg - 8 g 


Pentosan 


Total dose range: 3 mg to 3 g 
Small animal: 3 mg-lg 
Human: 50 mg-2g 
Large anunal: 100 mg - J g 


Superoxide dismutase 


Total dose range: 3 mg to 6 g (each mg containing > 3000 
McCord - Fridovich units) 
Small animal 3 mg- 2 g 
Human: 5 mg - 3 g 
Large animal: 50 mg - 6 g 


L-ergothioneine 


Total dose range: 50 mg to 25 g 
Small animal: 50 mg - 10 g 
Human: 50 mg-15g 
Large animal: 1 00 mg - 25 g 


"Collagen Type 11 


Total dose range: 0.1 mg to 10 g 
Small animal: 0.1 mg.-lOg 
Human: 0.1 mg - 7.5 g 
Large animal: 1.0 mg. 10 g 
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Diacerin 


loiai dose range: 5 mg to 5 g ""^"^"^ ' ' •■^•"""••• ■^^ 
Small animal: 5 mg - 1 g 
Human 20 mg - 3 g 
Large animal: 50 mg - 5 g 


/^lacxiaaonic HCia 


1 otal dose range: 10 mg to 12 g ' 

Small animal: 10 mg - 3 g 
Human: lOmg-5 g 
Large animal 50 mg - 12 g 




Total dose range: 1.0mgto2g ' ' — 

Small animal: 1 .0 mg - 1 g 
Human: 2 mg- 1.5 g 
Large animal: 50 mg - 2 g 

Total dose range; 5 mg to 5 gram ' " " 

Small animal: 5 mg to 1000 mg 
Human: 50 mgtol500mg 
Large animal: 1 00 mg to 5 grams 
Or: 1 mg / kg to 25 mg / kg 


Avocado/soybean 

UllSapOIlinaulCS 


I Hydroxyproline 


Total dose range: 5 mg to 6 grams ~"" ~ 

Small animal: 5 mg to 1500 mg 
Human: 50mgto3500mg 
Large animal: 50 mg to 6 grams 


Analgesic, e.g., 
acetaminophen 


1 otal dose range: 4 me to 10 eranKs " ' ~" 

Small animal (excluding cats): 4 mg to 1000 mg 
Human: 100 mg to 4 gram 
Large animal: 100 mg to 10 grams 



Doses are designed to cover the spectrum of body weights of smaU animals to large 
animals, with humans in the middle. The following examples are illustrative and do not 
in any way limit the present invention. 
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EXAMPLE 1 



In our preliminary investigations, surgical instability was induced in the 
stifle joint of New Zealand white rabbits by modification of the Hulth technique. Post- 
operatively, animals were exercised for 1 hour daily. Experimental dietary formulas were 
evaluated for their cartilage stabilizing effect. The standard Harland (Teklad) rabbit diet 
(control); a standard diet also containing a 2% fimgal oil containing 40% AA by weight 
(Arasco); and a standard diet containing also arachidonic acid and 
glucosamine/chondroitin were investigated. At 16 weeks, the medial femoral condyles 
of all rabbits were removed and cartilage degeneration quantitatively evaluated with a 
modified Mankin histological-histochemical grading system witii safranin-0 stained 
slides. Cartilage from all joints with surgical instability exhibited varying degrees of 
macroscopic degenerative lesions. Our preliminary results indicated that adding 
arachidonic acid to glucosamine/chondroitin sulfate has the potential to produce a novel 
interaction in cartilage. This novel interaction has tiie potential to have a cartilage 
modulating effect. 



EXAMPLE 2 



Procedure : 

Articular cartilage was resected firom human or animal joints aseptically 
and placed into a large petri dish in a small amount of DMEM/F-12 or F-12. The-tissue 
was diced to 1-2 mm dimensions and transferred to a small culture flask containing 20 
mL DMEM or F-12 + 400 u/mL collagenase. The flask was placed on tiie shaker and 

incubated overnight. 

The cell digest was repeatedly aspirated to increase release of cells. The 
cell digest was then placed into a 50 mL sterile centrifuge tube and centrifuged in the 
Beckman at 1000 RPM for 10 minutes. The medium was discarded by pipette and fresh 
DMEM/F-12 containing 1% FCS added. Depetiding on the size of the pellet, about 20-40 
mL medium was added. Cell counts were determined by haemocytometer and the digest 
made iqj to a concentration of 1 00,000 cells/0.2 mL. 
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GAG SvnthpisfQ- 

To conduct GAG synthesis, 0.2 mL was aliquoted into each weli of a 96 
weU plate using an 8 channel pipetter and the cells allowed to attach for 24 hours The 
5 media was removed and 0.3 mL of fresh 1% FCS media added for 2 -3 days Ontheday 
of the experiment, the media was removed and the experimental solutions containing 35- 
sulfate isotope were added. The incubation was continued for 4 hours. Termination- at 
the end of the incubation period, the labeling media was removed, the cell layer was 
nnsed repeatedly with cold 0.3 mL DMEM or F.I2 (about 5x), and the ceU layer was 
10 frozen for counting. 

Counting of 96 Well Platf^.;- 

The cell layer for both the synthesis experiments were heated at 50 

degrees after adding 100 ulINNaOHforaperiodof2hours. 200 ul scintiUant was 

^^'l^^-'l^eplateswereplacedinthecounter.ThedatawasexpressedasCPM/lOOOOO 
15 cells. 
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ChS04 = Chondroitin 

AA = Arachadonic Acid 

SAMe = S-adenosylmethionine 

Paleos = SOD 

Collagen = Collagen 

Pentos = Pentosan 

H = High concentration 

L~ Low concentration 

In this model, at the ccccMMi^s studied, the tq«=««ive 
cotnbmatio.^ had an inhibitory (hypometabohe) eftc in this paniaiar study TWs 
hypon^etabolic effect could be beneficial under various disease states, indeed both 
sttmulatory and inhibitory «,vel htetactions could be beneficial under various disease 
states. For example, a hypertnetabolic state is pari of the pathog^,^ of son. diseases 
in such diseases, an iohibitory (hypometabolic) response «>uld be beneficial to the 
mdtvidual. F„„« sh^iies are planned to invesUgate the eff«.ts of a range of 
concenttarions in the agents studied under various experimental models. Note that both 
mcreases and decreases ta biosymhetio activity are novel tateracd„„, and could be 
b«.=ficial to organisms und«. selected circ^nstances. Fo, exan^le, ™any researchet, 
owrently beUeve that osteoarthritis has a hype^etaboiic component, especially in the 
eariy stages of pathoge,^. ^ ^^^^ 

fo«. on agents that stimulate cardlage matrix production, or agents that are inhibitory 
and therefore make the cariUage envit^mnent more hypometabolic, which in turn could 
have a stabilizing effect on the cartilage tissue. 



EXAMPLES 

A4 



year old child has juvenile rheumatoid arthritis m which the immune 
system .nappropriately targets endogenous connective tissues with antibodies agamst 
natrve collagen type 11. The resulting inflammation and degradaUon of carfilage causes 
pan, and dysfltnction in the synovial jomts. Present treatmems include corticostemids 
wbch non-selecUvely suppress the hnmune system, thus leavmg the b«ly vutaerable to 
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infectious disease, or methotrexate, which inhibits DNA synthesis, repair, and cellular 
replication, thus affecting not only the immune system but also intestinal mucosa, and the 
bone marrow. This child is given 2 mg of collagen type II daily, arid SOD 10 mg daily. 
The collagen decreases the inappropriate immune attack, and the SOD inactivates 
destructive free radicals that damage cells. By preventing cellular damage, the SOD 
helps maximize the normal function of joint tissue cells. This combination has no harmfiU 
side effects at therapeutic doses and is a beneficial addition to existing therapies for 
rheumatoid arthritis. 

EXAMPLE 4 

A 6 year old thoroughbred race horse has neutrophilic inflammation of the 
carpus. In this condition, trauma to the tissues of the joint injures cells and therefore 
results in Uberation of cytokines which attract large numbers of neutrophils into the 
synovial space. This response is beneficial m cases of sepsis, but in non-septic conditions 
the neutrophils provide no usefiil service to the animal. Indeed, because neutrophils 
produce various degradative compounds, including superoxide molecules, their presence 
in the joint contributes to a vicious cycle of inflammation, tissue damage, and mcreased 
inflammation. Currently this condition'is treated with nonsteroidal antiinflammatory 
drugs, which suppress prostaglandin synthesis and therefore have many side effects. 
This horse is given a mixture of diacerin 100 mg, pentosan 200 mg and SAMe, 1000 mg 
The diacerin and pentosan both inhibit chemotaxis (the attraction of white blood cells 
into the affected area) and thus reduce the numbers of neutrophils in the joint. 
Additionally, pentosan stimulates the synthesis of synovial fluid and thus supports normal 
function of the joint. Diacerin inhibits superoxide production; since superoxide 
production is one of the mechanisms through which neutrophils have their harm&l 
effects, this action of diacerin is obviously beneficial. SAMe supports the structure and 
function of cell membranes, and therefore helps repair injured joint tissue cells thus 
blocking the events that start the harmfiil inflammation. This combination has no 
harmful side effects at therapeutic doses and is a great improvement over existing 
therapies. 
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EXAMPLES 

A 47 year-old woman has severe knee osteoarthritis. Currently she 
requires laz^e doses of NSAIDs to control her symptoms. Although her orthopedic 
surgeon has recommended taking glucosamine/chondroitin sulfate, she h^ 

to do so because these compounds are extracted from animal tissues and the patient isa 
stnct vegetarian. Instead she takes diacerein 25 mg and ASU 250 mg. and 500 mg of 
acetaminophen daily. The diacerin inhibits chemotaxis and thereby reduces 
u^ammation in the knee joint. The ASU increases TGF beta 1 and 2, stimulating repair 
of damaged joint tissues. The acetaminophen causes rapid analgesia, reducing the 
patrent-ssymptoms without adversely affecting cartilage metabohsm and wi^^^ 

gastrointestinal ulceration. Asaresultofthe reduction in pain, the patient decides to add 
a 15mmute walk to her daily schedule. The controlled exer.i^ forther improves her 
physical and mental state. 



EXAMPLES 

A 5 year old Jersey daiy cow is diagnosed vAth severe osteoanlmtis 
fcllo^g an episode of fever and synovitis attritated u, Lyme disease. Ws animal is 
te somee of to over's fteuly milk supply and 4e owner wishes .0 ttea. fte lameness 
W.U. oomponnds te. are -nannal.- i.e„ compounds d«, nonnally i„ and 
ammal bodies, n«her than pursuing more ttaditional solutions such as 1) culling 
anm^ 2) using „on-sto,idal ««i.inflamma«>o. drugs or 3) using steroids. The animal is 
.^wi«>ASU900mg,SAMe600mgand glucosamine 500 mg daily, -aisapproach 
.s an .mprovcmem over existing options for sacral reasons. Because compounds are 
natural compot^nts of plants and animal bodies with documented wide margins of safety 
there ts less concern over metabolites secreted in the milk. Because the compounds ate ' 
avatlabl. orally, and are active in small amounts, they arc easy to admimster .0 the 
an,mal in feed. The combined effect of the three compounds is to reduce inflammadon 
and patn, to support nom«l ftmction, and to stimulate healing of com,ective tissues 
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EXAMPLE? 

A 43 yr old nurse with hepatitis B also suffers from osteoarthritis. Due to 
his liver problem, his use of pharmaceutical analgesics with potential hepatotoxicity is a 
matter of concern. He is given acetaminophen 500 mg daily, which is a low dose for that 
analgesic, in combination with 800 mg daily of glucosamine, 800 mg daily of chondroitin 
sulfate and 900 mg daily of SAMe. These compounds work togetiier to decrease pain, 
support normal joint tissues and maximize liver function. 

EXAMPLE 8 

A 53 year old man has severe arthritis of his lower back. He currently 
takes large doses of NSAIDs but suffers from stomach pains and is worried about gastric 
ulceration. He has tried to substitute glucosamine and chondroitin sulfate for the 
NSAIDs but did not stay on the therapy because his back pain was too severe witiiout 
analgesia. He is given hydroxyproline 500 mg daily, acetaminophen 500 mg daUy, SOD 
600 mg daily and arachidonic acid 300 mg daily. 

The acetaminophen controls his pain without gastric upset, the 
hydroxyproline and arachidonic acid stimulate anabolic processes (but via different 
mechanisms of action) in tiie vertebral joints, and tiie SOD scavenges free radicals 
thereby decreasing harmful inflammation. 

Based on tiie teaching of the present invention, one of skill in tiie art 
would understand tiiat combinations of the compounds taught by tiie present invention 
would act synergistically. For example, it is understood tiiat glucosamine has stimulatory 
effects on chondrocyte metabolism which, by itself, aids in ameliorating diseases of 
cartilage degradation. However, an increase in cell metabolism can also produce an 
increase in free-radical production, as a natural by-product of oxidative phosphorylation. 
The increase in free radical production would dilute the beneficial effects of tiie 
glucosamine administration. By combining L-ergotiiioneine witii glucosamine, one 
would expect an increase in metabolism and a reduction in free-radical damage, 
providing for a greater benefit tiian if compounds leading to one of tiiese effects were 
provided. Therefore, one of skill in tiie art, based on tiie teaching of tiie present 
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invention, would understand that combining glucosanunewithL^^^^^ 
more beneficial than providing either alone. The synergy that exists between certain 
compounds in the present invention also enables the use of lower doses of each 
compound. Although these compounds are quite safe, there may be a potential for side 
effects. For example, large doses of glucosamine sulfate or chondroitin sulfate can cause 
gastromtestinal disturbances in some mdividuals. In addition, these compounds are 
costly; for these reasons, the abUity to minimize the dose and still achieve beneficial 
effects is desirable. 

Many modifications may be made without departing fiom the basic spirit of 
the present invention. Accordingly, it will be appreciated by those skiUed in the art that 
w^tbn the scope of the appended claims, the invention may be practiced other than has been 

specificaUydescribed herein. Hence, the attached claims are intended to cover the bve^^^^ 
embodied m the claims and substantial equivalents theieto. 
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WE CLAIM: 

1 . A composition for the treatment, repair or prevention of damage to 
connective tissue comprising one or more avocado/soybean 
unsaponifiables and one or more compounds selected from the group 

5 consisting ofarainosugars,GAGs,GAG-Uke compounds, pentosan, 

SAMe, SOD, L-ergothionine, collagen type II, diacerin, arachadonic acid, 
and tetracycline-like compounds, wherein each such avocado/soybean 
unsaponifiable and each such compound may be naturally, semi- 
synthetically or synthetically derived. 

10 

2. A composition for the treatment, repair or prevention of damage to 
connective tissue comprising hydroxyproline, including its salts or 
derivatives, and one or more compounds selected from the group 
consisting of aminosugats, GAGs, GAG-Iike compounds, pentosan, 

J 5 SAMe, SOD, L-ergothionine, coUagen type II, diacerin, arachadonic acid, 

tetracycline-like compounds, and one or more ASUs, wherein each such 
hydroxyproline, salt and derivative thereof and each such compound may 
be naturally, semi-synthetically or synthetically derived. 

A composition for the treatment, repair or prevention of dam^e to 
connective tissue comprising a non-steroid, non-NSAID analgesic and one 
or more compounds selected from the group consisting of aminosugars, 
GAGs, GAG-like compounds, pentosan, SAMe, SOD, L-ergothionine, 
collagen type II, diacerin, arachadonic acid, tetracycline-like compounds, 
one or more ASUs and hydroxyproline, including its salts or derivatives, 
wherein each such analgesic and each such compound may be naturally, 
semi-synthetically or synthetically derived. 

The composition of claim 3 in which the analgesic is selected from the 
group consisting of acetaminophen and tramadol. 



20 3. 



25 
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20 



A method of preventing, treating or repairing damage to connective tissue 
in humans and animals comprising administering any of the compositions 
of claim 1 to a human or animal in need thereof 

A method of preventing, treating or repairing damage to connective tissue 
in humans and animals comprising administering any of the compositions 
of claim 2 to a human or animal in need thereof 

A method of preventing, treating or repairing damage to comiective tissue 
m humans and animals comprising administering any of the compositions 
of claim 3 to a human or animal in need thereof 

A method of preventing, treating or repairing damage to connective tissue 
inhumans and animals comprising administering any of the compositions 
of claim 4 according to a protocol wherein the dose of acetominophen is 
reduced to tiie minimum level necessary to control comiective tissue pain. 



A composition for the tiBatment, repair or prevention of damage to 
connective tissue comprismg one or more aminosugars and one or more 
compounds selected from tiie group consisting of L-ergotiiionine, diacerin, 
arachadonic acid, and tetracycline-like compounds, wherem each such 
aminosugar and each such compound may be naturally, semi-syntiietically 
or synthetically derived. 



25 10. 



A composition for the treatment, repair or prevention of damage to 
comiective tissue comprising one or more GAGs and one or more 
compounds selected from the group consisting of L-ergotiuonine, diacerin, 
arachadonic acid, and tetracycline-like compounds, wherein each such 
GAG and each such compound may be naturally, semi-synthetically or 
synthetically derived. 



-38- 



wo 99/62459 



PCTAJS99/12152 



11. A composition for the treatment, repair or prevention of damage to 

connective tissue comprising S AMe and one or more compounds selected 
from the group consisting of SOD, L-ergothionine, collagen type 11, 
diacerin, arachadonic acid, and tetracycline-iike compounds, wherein said 
5 SAMe and each such compound may be naturally, semi-synthetically or 

synthetically derived. 

12 A composition for the treatment, repair or prevention of damage to 
connective tissue comprising pentosan and one or more compounds 
1 0 selected from the group consisting of SOD, L-ergothionine, collagen type 

II, diacerin, arachadonic acid, and tetracycline-like compounds, wherein 
each such pentosan and each such compound may be naturally, semi- 
synthetically or synthetically derived. 

15 1 3 A composition for the treatment, repair or prevention of damage to 

connective tissue comprising a GAG-like compound and one or more 
compounds selected from the group consisting of SOD, L-ergothionine, 
collagen type II, diacerin, arachadonic acid, and tetracycline-like 
compounds, wherein each such GAG-like compound and each such other 

20 compound may be naturally, semi-synthetically or synthetically derived. 

14. A composition for the treatment, repair or prevention of damage to 
connective tissue comprising SOD and one or more compounds selected 
from the group consisting of L-ergothionine, collagen type II, diacerin, 

25 arachadonic acid, and tetracycline-like compounds, wherein said SOD and 

each such compound may be naturally, semi-synthetically or synthetically 
derived. 

15. A composition for the treatment, repair or prevention of damage to 

30 connective tissue comprising L -ergothionine and one or more compounds 

selected from the group consisting of collagen type II, diacerin, 
arachadonic acid, and tetracycline-like compounds, wherein said L- 
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ergothionine and each such compound may be naturally, semi- 
synthetically or synthetically derived. 

1 6. A composition for the treatment, repair or prevention of damage to 
5 connective tissue comprising collagen type U and one or more compounds 

selected from the groiq> consisting of diacerin, arachadonic acid, and 
tetracycline-like compounds, wherein said collagen type II and each such 
compound may be naturally, semi-synthetically or synthetically derived. 

^ ^ 1 7. A con^osition for the treatment, repair or prevention of damage to 

connective tissue comprising diacerin and one or more compounds 
selected from the group consisting of arachadonic acid, and tetracycline- 
like compounds, wherein each such diacerin and each such compound 
may be naturally, semi-synthetically or synthetically derived. 

15 

18. A composition for the treatment, repair or prevention of damage to 
connective tissue comprising arachadonic acid and tetracycline-like 
compounds, \\1ierein said arachadonic acid and tetracycline-like 
compounds may be naturally, semi-synthetically or synthetically derived. 

20 

19. A method of preventing, treating or repairing damage to connective tissue 
in humans and animals comprising administering the compositions of any 
one of claims 9-1 8 to a human or animal in need thereof. 

25 
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